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5 CENTRAL VENOUS CATHETERS LOADED WITH ANTIBIOTICS OF THE 
RAMOPLANIN GROUP PREVENTING DEVELOPMENT OF CATHETER 

RELATED INFECTIONS 



This invention relates to central venous 
polyurethane catheters with a thin hydrophilic coating 
loaded with an antibiotic of the ramoplanin group/ the 
method for their preparation and their use in preventing 
development of catheter related infections in patients. 
^5 The catheters of this invention are useful to 

prevent bacterial adherence and colonization and, 
therefore, to lower the risk of vascular infections in 
catheterized patients. 

Infections of central venous lines represent a 
20 challenging problem in modern medicine (1-4). 

Contamination of the catheter by skin flora during 
insertion is thought to be one of the major routes in 
the development of catheter infections. Gram-positive 
bacteria like Staphylococcus aureus and coagulase 
25 negative staphylococci (CNS) are the predominant 
causative organisms. 

Catheter infections may lead to severe 
complications for a patient, and, even if they are not 
life-threatening, they may contribute to a prolongation 
of hospital stay and to an increase in therapy costs. 
Most of the catheter infections can be managed by 
removing the catheter if clinical sighs of infection 
occur; this is normal clinical routine procedure in 
patients having short peripheral venous lines. 

35 



30 
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In cases of difficulties for venous access, 
however, and especially in patients with a long-term 
central venous catheter, keeping the catheter in place 
despite the infection is desired. In many cases, 
5 however, antibiotic therapy is not able to eliminate 
bacteria from the catheter. 

The failure of antibiotic therapy is mainly due to 
the existence of a slime barrier (biofilm) which hinders 
the antibiotic in penetrating and in reaching the 
10 adherent bacterial cells. 

It was discovered by many investigators that the 
MIC- or MBC-values of antibiotics for bacteria embedded 
in a biofilm are much higher than those for bacteria in 
suspension (5, 6, 7). 

15 

An alternative strategy to treat and especially to 
prevent catheter infections is the coating or loading of 
medical devices with antimicrobial substances (8-10). 
The release of the antimicrobial substance (e.g. an 

20 antibiotic) from the catheter surface or from the 

interior leads to a high local drug concentration which 
should be sufficiently high to reach the MIC and MBC of 
bacteria in biofilms. Furthermore, local antimicrobial 
action shortly after catheter insertion would probably 

25 inhibit the production of a biofilm by the bacteria. 
There are already a number of investigations on the 
coating or loading of catheter materials with 
antimicrobial substances, mainly with antibiotics 
(11-15, 16). Such systems show in part good in vitro 

30 performances; in a few cases there have already been 
clinical trials with antimicrobial-coated catheters 
(11, 17). 

Development of resistance to commonly used 
35 antibiotics, for instance, due to resistant 
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Staphylococcus aureus strains (see M.E. Reverdy et al., 
"Evolution de la resistance aux antibiotiques et aux 
antiseptiques de souches hospitalieres de Staphylococcus 
aureus isolees de 1980 a 1991" published in Pathologie 
5 Biologie, 1993, Vol. 41, No. 9 897-904), is a further 
factor which makes difficult the management of 
infections in hospitals and favors any possible 
employment of antibiotics not yet utilized in the 
clinical practice. 

10 

The main object of this invention is to provide a 
central venous polyurethane catheter with a thin 
hydrophilic layer on the surfaces loaded with an 
antibiotic of the ramoplanin group or any mixture 

15 thereof, in a concentration sufficient to inhibit the 
bacterial colonization of the catheter after its 
insertion into the patient. The catheters of this 
invention can be maintained in place for the desired 
period without incurring severe complications for the 

20 catheter ized patients 

According to in vitro experiments described by 
B. Jansen et al. (18), it has been found that 
teicoplanin has appropriate biological and 

25 physico-chemical characteristics to allow absorption on 
the thin hydrophilic layer coating the surfaces of 
certain central venous polyurethane catheters. The 
release of antibacterially active concentrations of the 
substance in an elution fluid is taken as an effect 

30 which may be correlated with the prevention of the 

bacterial colonization of the catheter and, therefore, 
the development of an infection in a patient. 

Following the generic indications given by the 
same authors, th glyco or lipopeptide antibiotics such 

35 as vancomycin, daptomycin and ramoplanin would not 
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appear to be useful for the preparation of central 
venous catheters preventing the catheter related 
infections in view of their poor absorption/release 
properties. 

5 

According to this invention, it has been 
surprisingly discovered that the central venous 
polyurethane catheters with a thin hydrophilic layer on 
the surfaces loaded with an antibiotic of the ramoplanin 
10 group or any mixture thereof, are effective in 

inhibiting development of bacterial colonization and 
preventing catheter related infections after the 
insertion into the patients. 

15 Therefore, a further object of this invention is a 

method of preventing catheter related infections in a 
patient in need of application of a central venous 
catheter, such method consisting in the insertion into 
the patient of a central venous polyurethane catheter 

20 with a thin hydrophilic layer on the surfaces loaded 
with an antibiotic of the ramoplanin group or any 
mixture thereof. 

25 Ramoplanin is an International Non-Proprietary 

Name which identifies the antibiotic complex originally 
designated as A/16686. 

Antibiotic A/16686 is an antibiotic produced by 
Actinoplanes sp . ATCC 33076 active against aerobic and 

30 anaerobic gram-positive bacteria, including 

methicillin-resistant Staphylococci and bacteria 
resistant to ampicillin and erythromicin and it is 
described in U.S. Patent 4,303,646 together with its 
manufacture proc ss and pharmaceutical composition 

35 containing it. 
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Preliminary physico-chemical characterization 
indicated by Cavalleri et al. (19) that antibiotic 
A/16686 is formed by a peptidic core carrying two 
5 D-mannose units. 

It was then found that three closely related major 
components could be isolated from antibiotic A/16686 
which were named factor Al, A2 and A3. Factor A2 is the 
10 component obtained in preponderant amount and is the 

most relevant for the biological activity, while factor 
Al and A3 are obtained in a minor amount. These 
substances as well as their preparation and uses are 
described in U.S. Patent 4,427,656. 

15 

It is however possible to modulate the proportion 
of the three above major components in the complex 
obtained by fermentation of the microorganism 
Actinoplanes sp . ATCC 33076. In fact, a method for 
20 selectively enhancing the production of factors A2 

and/or A3 of antibiotic A/16686 by adding appropriate 
precursors to an A/16686 producing culture, is described 
in European Patent Application Publication No. 259780. 

25 Recent studies showed that these three factors 

have a common cyclic depsipeptide skeleton composed by 
seventeen aminoacids and a dimannosyl unit. Three 
different unsaturated fatty acid residues differentiate 
the three components of the complex. 



30 



The antibiotics characterized by the simultaneous 
presence of a depsipeptide skeleton, fatty acids and 
sugar moieties have been defined in the scientific 
lit rature as glycolipodepsipeptide antibiotics (20). 



35 
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The following formula I can be suggested for the 
three closely related components of antibiotic A/16686: 




wherein: 

R is: -CO-CH=CH-CH=CH-CH2-CH2-CH3, 

-CO"CH=CH-CH=CH-CH2-CH(CH3)2 or 
-CO^CH=CH-CH=CH-CH2-CH2-CH ( CH3 ) 2 and 

R' is a dimannosyl moiety. 
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European Patent Application Publication 
No. 318680 describes other compounds related to 
antibiotic A/16686 complex. 

Said compounds, named factors A'l, A' 2 and A' 3 
5 respectively / are produced by Actinoplanes sp . ATCC 
33076 under appropriate conditions and correspond to 
factors Al, A2 and A3 of formula I wherein R' is a 
mannosyl moiety. 

10 Catalytic hydrogenation of each of the factors A 

and/or A* or their mixtures, yields the corresponding 
derivatives tetrahydrogenated in the fatty acid chain 
portions • European Patent Application Publication No. 
321696 describes the tetrahydrogenated derivatives of 

15 the several factors A and A' of A/16686 complex and 
mixtures thereof and their method of manufacture. 

European Patent Application Publication No. 337203 
describes the obtainment of the aglycons of the 
20 components of the A/16686 antibiotic complex and their 
derivatives hydrogenated in the fatty acid chain 
portions. The cleavage of the glycosyl moiety is 
achieved by selective hydrolysis. 

25 In this description and claims the term 

"antibiotic of the ramoplanin group" identifies any 
single factor of the A/16686 complex and any derivative 
thereof among those described above. 

The expression "any mixture thereof" in this 

30 description and claims identifies any mixture of two or 
more compounds selected from the factors of the A/16686 
complex and the derivatives thereof mentioned above, in 
any proportion. 

When used alone and not otherwise specified, the 

35 term "ramoplanin" usually identifies the factor A2 of 
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A/16686 or a preparation containing at least 80% (with 
respect to the whole antibiotic substance, by HPLC 
assay) of such factor A2, the remaining portion 
consisting essentially of small amounts of the related A 
5 and A' factors. Preparations of this type are currently* 
obtained from pilot or semi-industrial fermentation and 
recovery operations. 

10 Central vejious polyurethane catheters with a thin 

hydrophilic coating on the surfaces which can be 
advantageously utilized according to this invention are 
described in the literature. For instance, US 4769013 
discloses a method of coating medical devices, including 

15 catheters, with a poly-N-vinylpyrrolidone-polyurethane 
interpolymer useful to form coated devices which can 
release antibacterial agents adsorbed thereon. 

20 US 4950256 reports a series of references to 

methods of coating medical devices, including catheters, 
with a thin hydrophilic layer with low friction in wet 
conditions and improved blood compatibility and 
describes an intravascular catheter coated with 

25 hydrophilic polymer having adsorbed an amount of the 
cationic cyclic polypeptide antibiotic polymixin 
sufficient to inhibit the growth of bacteria and the 
formation of blood clots. Polymixin is an antibiotic 
generally active against gram-negative bacteria. 

30 Catheters which have been found particularly 

suitable for use in the embodiment of this invention are 
polyurethane catheters with a thin hydrophilic coating 
on both the internal and external surface based on a 
poly-N-vinylpyrrolidone-polyurethane interpolymer of 

35 approximately 200 pm thickness, marketed under the trade 
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name Hydrocath® ( Viggo-Spectramed/ Swindon, Wiltshire, 
England) . 

These hydrophilic central venous catheters (which 
are available as single, double and triple lumen types), 
5 due to their coating, show a percent swelling after 
incubation at room temperature for 24 hours in water, 
water :ethanol 1:1 or ethanol of, respectively, 8.0, 16.1 
and 30.5. 

According to the method of preparing the catheter 
10 of this invention, the above mentioned polyurethane 

catheters coated with a hydrophilic film are incubated 
in an aqueous solution of an antibiotic of the 
ramoplanin group or any mixture thereof, preferably, 
ramoplanin, at a concentration varying from 1 to 50 
15 mg/ml, preferably 5 to 30 mg/ml at a temperature between 
10**C to 60^C, preferably between 20*^C and 40**C for a 
period varying from 5 minutes to 48 hours, preferably 
from 10 minutes to 30 hours. 



20 During the above incubation period, relatively 

large amounts of antibiotic of the ramoplanin group or 
any mixture thereof can bind to the catheter. 

Since the above parameters are generally 
25 correlated, their influence on the loading of the 

catheters may be evaluated by carrying out a series of 
loading experiments wherein the concentration of the 
solution of the antibiotic of the ramoplanin group or 
any mixture thereof, the incubation temperature and the 
30 time are varied. 



An indication of the amount of the antibiotic of 
the ramoplanin group or any mixture thereof loaded on 
th catheter according to the method of this invention, 
35 may be obtained by means of incubation of the loaded 
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catheter (after washing with demineralized water and 
drying overnight under vacuum ) at room temperature in a 
8M guanidine hydrochloride water solution, for a planned 
time. The amount of antibiotic eluted in the guanidine 
5 solution is then evaluated by microbiological assay. The 
appropriate incubation time is determined by verifying 
whether a second incubation period in a fresh 
8M guanidine hydrochloride solution, followed by 
microbiological assay, shows further release of 

10 antibiotic or not. Current experiments of incubation in 
a 8M guanidine hydrochloride water solution have 
demonstrated that after the incubation period of one 
hour no further release of antibiotic from the loaded 
catheter into the fresh guanidine hydrochloride solution 

15 is observed. 

When the above loading conditions are applied, the 
amount of antibiotic released in the BM guanidine 
hydrochloride solution of incubation, when related to 
20 the catheter length, generally corresponds to a value 
ranging from 20 }xq/om to 100 ;xg/cm. 



25 



30 



35 
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The efficacy of the central venous catheter 

4 

loaded with an antibiotic of the ramoplanin group or any 
mixture thereof in preventing catheter related 
infections, was demonstrated in animal experiments. The 
5 method utilized for the above mentioned experiments is 
described by G. Romano et al. (21). 

Segments (1 cm) of Hydrocath® catheter (coated 
or uncoated with the antibiotic were inserted 

10 subcutaneously in anesthetized mice (male and female 
CD-I mice, Charles-River) 96 h, 48 h and immediately 
before infection. 0.1 ml of a bacterial suspension of 
Staphylococcus aureus L 1162 was injected subcutaneously 
in close proximity to the catheter segments. Bacterial 

15 suspensions consisted of approximately 2x108 CFU/ml for 
S. aureus L 1162 prepared in BBL Trypticase soy broth 
from overnight growth on 7% sheep blood agar plates. 
Twenty-four and 48 hours after infection, catheters were 
removed and placed individually into 5 ml of PBS. 

20 Bacteria were then harvested from catheters. 

Each catheter was washed three times in 5 ml of PBS and 
finally covered with 2 ml of PBS in a glass tube. 
Bacteria adhering to the catheter were removed by 
sonication at 90-100 //A of two cycles of 45 seconds each 

25 with an intervening period of 3 seconds. This treatment 
was shown in preliminary experiments to remove all 
adherent bacteria, since no growth was observed around 
catheters placed on Difco Todd-Hewitt agar plates after 
sonication and it had no detrimental effects on 

30 bacterial viability. Bacteria dislodged from the 

catheter were subsequently diluted in PBS and 0.1 ml 
aliguots of suitable dilutions spread onto Difco 
Todd-Hewitt agar plates to determine the number of 
viable bacteria. 
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Table I and Table II report the results of the 
experiments on the in vivo efficacy of catheters loaded 
with ramoplanin in preventing colonization with 
S. aureus L 1162 compared with that of catheters loaded 
5 with teicoplanin. 
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TABLE I 

S. aureus L 1162 adherence on Hydrocath® catheters inserted in 
the mouse 48 and 0 hours before infection 



Group 


Infection 


Extraction 


Mean 




(h after 


after 






^ catheter 


catheter 


CPU/cat 




insertion) 


infection) 


(SD) 


Control 


0 


24 


4.4 








(1.8) 




> 


48 


5.3 








(0.9) 




48 


24 


4.3 








(1.2) 






48 


5.5 










Ramoplanin 


0 


24 










(0) 






48 


^1.0 








(0) 




48 


24 


1.9 








(0.8) 






A Q 
HO 


1.8 








(1.1) 


Teicoplanin 


0 


24 


1.3 








(0.4) 






48 


1.7 








(0.8) 




48 


24 


2.0 








(1.3) 






48 


1.6 








(0.9) 
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TABLE II 

S. aureus L 1162 adherence on Hydrocath® catheters inserted in 
the mouse 96 and 0 hours before infection 



Giroup 


XULcCLXOU 




Ma ail 


(h after 


(h after 


Logio 




catheter 


catheter 


CFD/cat 




insertion) 


infection) 


(SD) 


Control 


0 


24 


5.1 








(0.5) 






48 


5.2 








(1.2) 




96 


24 


4.7 








(1.1) 






48 


4.6 








(1.1) 


Ramoplanin 


0 


24 


Sl.O 








(0) 






48 


<1.0 








(0) 




96 


24 


2.3 








(1.1) 






48 


1.8 








(0.8) 


Teicoplanin 


0 


24 


2.2 








(1.2) 






48 


1.6 








(1.4) 




96 


24 


2.8 








(0.9) 






48 


2.0 








(1.0) 
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The results of the above experiments indicate 
that ramoplanin coating of catheters can prevent 
colonization of the catheter by S, aureus for a period 
of at least 144 hours after the insertion into the 
5 patient and at least 48 hours after bacterial 

contamination. Of particular interest was the finding 
that ramoplanin coating was generally more effective 
than teicoplanin coating^ especiallyr when the catheter 
insertion was made immediately before infection. 

10 

Additional examination of the uninfected animals 
bearing catheters loaded with ramoplanin revealed no 
evidence of local inflammation confirming the good 
15 tolerability of the ramoplanin loaded central venous 
catheters. 



20 



25 



35 
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CLAIMS 



5 1. A central venous polyurethane catheter 

with a thin hydrophilic layer on the surfaces loaded 
with an antibiotic of the ramoplanin group or any 
mixture thereof, 

10 2- , A central venous catheter of claim 1 

further characterized in that the catheter is loaded 
with an amount of antibiotic of the ramoplanin group or 
any mixture thereof, in concentration sufficient to 
inhibit the bacterial colonization of the catheter, 

15 after insertion into the patient. 

3. A catheter of any of claims 1 and 2 
characterized in that it is loaded with an antibiotic of 
the ramoplanin group selected from the group consisting 

20 of: antibiotic A/16686 factor A2, antibiotic A/16686 
factor Al, antibiotic A/16686 factor AS, antibiotic 
A/16686 factor A'l, antibiotic A/16686 factor A'2, 
antibiotic A/16686 factor A* 3, any of the derivatives 
thereof hydrogenated in the fatty acid chain, any of the 

25 aglycons thereof, and any mixture thereof. 

4. A catheter of any of claims 1 to 3 
wherein the thin hydrophilic layer consists essentially 
of a poly-N-vinylpyrrolidone polyurethane interpolymer . 

30 

5. A catheter of claims 1 to 4 wherein the 
hydrophilic layer has a thickness of approximately 

200 /xm. 
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6. A catheter as in any of claims 1 to 5 
wherein the antibiotic loaded is ramoplanin. 

7* A catheter of claim 6 characterized in 
5 thatr when incubated for one hour at room temperature in 
a 8M guanidine hydrochloride solution, it releases into 
the solution an amount of antibiotic that/ when related 
to the catheter length, corresponds to a value ranging 
from 20 //g/cm to 100 ;zg/cm. 

10 

8. A catheter of any of claims 1 to 7 for 
use in preventing catheter related infection in patients 
needing application of central venous catheters. 

15 9. A process for preparing a central 

venous polyurethane catheter with a thin hydrophilic 
layer on the surfaces loaded with an antibiotic of the 
ramoplanin group or any mixture thereof characterized in 
that the polyurethane catheter coated with the thin 

20 hydrophilic film is incubated in an aqueous solution of 
the selected antibiotic or any mixture thereof at a 
concentration varying from 1 to 50 mg/ml, preferably 5 
to 30 mg/ml at a temperature between 10**C and 60**C, 
preferably between 20*C and 40**C for a period varying 

25 from 5 minutes to 48 hours, preferably from 10 minutes 
to 30 hours. 

10. Use of an antibiotic of the ramoplanin 
group or any mixture thereof for preparing a central 

30 venous catheter for preventing development of bacterial 
infections related with insertion of central venous 
catheters into patients. 

11. Use according to claim 10 wherein the 
35 antibiotic of the ramoplanin group or any mixture 
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thereof is selected from: antibiotic A/16686 factor A2/ 
antibiotic A/16686 factor Al, antibiotic A/16686 factor 
A3r antibiotic A/16686 factor A'l, antibiotic A/16686 
factor A* 2, antibiotic A/16686 factor A' 3, any of the 
5 derivatives thereof hydrogenated in the fatty acid 
chain, any of the aglycons thereof, and any mixture 
thereof . 

12- Use according to claim 10 wherein the 
10 antibiotic is ramoplanin. 

13. A method for preventing catheter 
related infection in a patient in need of application of 
a central venous catheter consisting in the insertion 

15 into the patient of a central venous polyurethane 

catheter coated with a thin hydrophilic layer on the 
surfaces loaded with an amount of an antibiotic of the 
ramoplanin group or any mixture thereof sufficient to 
inhibit the bacterial growth, 

20 

14. A method as in claim 13 wherein the 
antibiotic of the ramoplanin group or any mixture 
thereof is selected from: antibiotic A/16686 factor A2, 
antibiotic A/16686 factor Al, antibiotic A/16686 factor 

25 A3, antibiotic A/16686 factor A'l, antibiotic A/16686 
factor A' 2, antibiotic A/16686 factor A* 3, any of the 
derivatives thereof hydrogenated in the fatty acid 
chain, any of the aglycons thereof, and any mixture 
thereof. 

30 

15- A method as in claim 13 wherein the 
antibiotic is ramoplanin. 
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